Antipyrine kinetics were measured on saliva in eight anaesthetists during a period when they were giving general anaesthetics and a period when they were working exclusively in intensive care. During the anaesthesia period there was a reduction in antipyrine half-life and the clearance of antipyrine increased. A nalysis of the data in groups failed to detect these changes because of the wide variation in metabolism between subjects. Exposure to anaesthetic agents under non-scavenging operating theatre conditions appears to enhance hepatic metabolism.
INTRODUCTION
The biotransformation of anaesthetic agents has been established in many animals, including man (Brown 1976) . It has been shown that, in animals, inducers of the cytochrome P .1.,11 enzyme system enhance the metabolism of sevoflurane (Cook et al. 1975 ) methoxyflurane, and isoflurane (Mazze, Hitt and Cousins 1974) . In man, unusually high levels of fluoride after enflurane anaesthesia have been associated with enzyme-inducing drugs (Cousins et al. 1976) .
Some anaesthetic agents are themselves capable of enzyme induction. Diethyl ether has been shown to cause enzyme induction in the rat (Brown and Sagalyn 1974) . Similarly, hexobarbitone sleeping time was shortened in rats exposed to sub-anaesthetic concentrations of ether, halothane and enflurane, but not nitrous oxide (Linde and Berman 1971) . In man, the evidence for enzyme induction caused by anaesthetic agents IS more circumspect. Berman et al. (1976) suggested th::lt an increase in the ratio of 6-(3-hydroxycortisol to 17 hydroxycorticosteroids in the urine of patients after enflurane-induced anaesthesia was evidence of enzyme induction.
Two attempts have been made to show that enzyme induction has occurred in subjects chronically exposed to anaesthetics in a work environment (Cascorbi, Blake and Helrich 1970, Wood, O'Malley and Stevenson 1974) . In both of these studies, the categorisation of subjects into exposed and control groups appears to have been critical for the demonstration of statistically significant enhancement of metabolism. In the study by Cascorbi and his co-workers, four of five anaes1'hetists excreted more urinary radioactivity in 2 hours after intravenous injection of l4C-halothane than did four pharmacy students chosen as controls. At 48 hours, both groups had excreted similar amounts of radioactivity. No details were given of comparative ages and lifestyle, which are factors which could also have contributed to the result. No information on smoking habits was given, although this has been shown to be a factor capable of enhancing microsomal drug metabolism (Hart et al. 1976) . Similar difficulties mar the study of Wood, O'Malley and Stevenson (1974) . Twenty-three subjects, compnsmg 17 anaesthetists and 6 operating theatre technicians, were matched by age and sex with 23 previously studied controls. The difference in mean antipyrine half-life in blood in these two groups was just statistically significant (p = 0.05) with a one-tailed t-test. However, the difference was not statistically significant when the group of operating theatre teohnicians was excluded. Again, no details were given of the comparability of personal habits of the two groups.
One way to limit the variability induced by these factors is to study the intra-subject changes in metabolism in anaesthetists during periods of exposure and non-exposure to anaesthetic agents in an otherwise similar working environment. This approach has the additional advantage that genetic factors which may contribute substantially to inter-subject variability in metabolism (Stevenson 1977, Vesell and Page 1968 ) may be discounted in the results.
In the present study, antipyrine elimination kinetics were used to assess metabolic activity in anaesthetists during sequential periods of exposure and non-exposure to anaesthetics. Antipyrine has pharmacokinetic properties which make it particularly useful for assessing metabolic activity in man (Stevenson 1977) . It is completely absorbed from the gastrointestinal tract, it is not extensively protein bound, and its clearance is determined by hepatic microsomal enzyme activity without complication by changes in hepatic blood flow (Branch et al. 1974 ). An additional advantage is that it is uniformly distributed throughout body water, and salivary sampling is a convenient and noninvasive alternative to blood sampling as a method for determining its elimination kinetics (Stevenson 1977 , Vesell et al. 1975 , Welch et al. 1975 .
METHODS
Eight anaesthetists (7 males, 1 female), aged 26 to 33 years, took part in this study. They were each studied at the end of two periods. During one period the subject was undertaking routine anaesthetic duties and was exposed to anaesthetic agents (principally halothane and nitrous oxide). Scavenging was not in use at this time and spot sampling revealed typical concentrations of about 200 ppm nitrous oxide and 5 ppm halothane. During ~he other period the subject was working on a four week assignment in the intensive care unit (LC.V.). Nitrous oxide is not used in the unit and there was no exposure to anaesthetic agents. The pattern and hours of duty were similar in both situations. In five subjects, the LC.V. period was first, in three the anaesthetic period. Subjects were not studied until they had been working at their assigned duties for at least 3 weeks. Another 13 anaesthetists were studied after only one of the periods. Group comparisons were made with 14 male control subjects. Assay was performed by one of us (AH.) who was not aware of the period to which the samples related.
Antipyrine, 10 mg/kg, was given orally to each subject. Four ml samples of saliva were collected prior to, then 3, 6, 9, 12, 24 and 36 hours after antipyrine administration. Samples were centrifuged to remove particulate matter and were stored at -15 DC until analysed. The levels of antipyrine were measured by chromatography as previously described (Harman et al. 1977) .
The elimination of antipyrine was assumed to follow first order kinetics. The elimination rate constant (Ke) was calculated from the slope of the concentration time curve (Fig. 1) .
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The standardised apparent volume of .distribution Vd (ml/kg body weight) was 10 calculated by Vd = -, when Co was the Co apparent initial concentration in rng/ml from the best fit line. The clearance of antipyrine (CR) in ml.min-I kg-I was calculated by Vd.Ke eR = --.
60 Statistical analysis of the difference induced by exposure to anaesthetics was performed using a paired student's "t"-test with one tail. Differences between grouped data were analysed by a one-way analysis of variance. All mean values are given with their standard deviation.
RESULTS
The results from each subject were analysed to give a best fit curve to logarithmic concentration against time by the method of least squares. The results from one subject, as an example, are shown in Fig. 1 . All subjects showed an extremely good fit, r> 0.98. The group values for the half lives, clearances and standardised apparent volumes of distribution are shown in Table 1 for the two situations. A within-subject comparison revealed consistent trends. In theatre, the antipyrine half-life was shorter by 2.33 j= 1.~9 (p = 0.005 I). These data arc illustrated in Fig. 2 . Similarly, the clearance was greater by 0.1 12 ± 0.132 ml. min-1 kg-1 (p = 0.(24). The average volume of distribution decreased by 36.9 ± 99.7 ml/kg and this was not a significant ehanQe between the two situations (p ~_ 0.16). I n e~ntrast, if the means and SO of the group arc used for statistical comparison the real situation is obscured by the wide spread of values within the group, for the half-life p O.7:l, and for the clearance p = 0.16. Previous studies (Cascorbi, Blake and Helrich 1970, Wood, O'Malley and Stevenson 1(74) , aimed at showing enzyme induction in anaesthetists, have compared data from exposed subjects with those of unexposed control subjects. Table 2 shows data obtained from a larger group of anaesthetists studied in theatre or in the intensive care unit, from which the sample of 8 studied under both conditions was drawn. These were compared using a oneway analysis of variance with a control group comprised of 14 male volunteers not associated with anaesthetic practice. The mean age of this group was similar to that of the anaesthetists, but the aQe and sex distribution was not the same. F~ratios for between/within group variances were: clearance F = 0.85, 0.25 < P < 0.5; half-life F c-.::~ 0.98, 0.25 < P < OS V" F == 0.09, 0.90 < P < 0.95;
2.40 df. These data illustrate that intra-subject comparisons arc necessary in order to show the enzyme-inducing effects of anaesthetic agents with a reasonably ,mall population.
OISCUSSIO~
This study shows that the same subject in given working conditions can be expected to increase his hepatic metabolic activity approximately 25Sj for drugs like antipyrine when chronically exposed to anaesthetic agents. It is of considerable interest that this increase was obscured when group comparisons were made because of the wide variability between subjects. This variability in metabolic activity may be in large part genetically determine.J (Caseorbi et al. 1971, Vesell and Page 1(611) and thus must be expected in the normal population. Thus the results of Cascorbi and his co-workers (1970) and Wood, O'Malley and Stevenson (1974) arc unlikely to represent the true situation. The difference in antipyrine halflife found after exposure to anaesthetic agents is much less than the standard deviation of a uniformly treated population. Thus modest sample numbers arc unlikely to reveal the effect. .n. or {/lIlil'rrinc pfllll'll/{J('okilletic "(/Ia of i'i (/n(/e.llfll'li.II.1 .lllIdinl ill j, olli Ifll' opcl'llting Ifll'atrc (/lId tlie il1tellsil'c care IlIlit. I.c.u Only intra-subject comparisons can economically show a change with exposure. The change in metabolic activity is small compared with that expected after moderate doses of anticonvulsants (Harman et al. 1977 , Stevenson 1977 . It may be that longer exposure to anaesthetics produces a greater degree of enzyme induction; however, this has not been demonstrated. The identity of th~ anaesthetic agent responsible for the effect has not been determined. Brown and Sagalyn (1974) observed in rats a selective increase in the metabolism of aminopyrine after exposure to methoxyflurane without any increase in cytochrome p.;;I)' They speculated that the observed increase was non-specific stimulation. They did, however, observe an increase in cytochrome P .:;0 with diethyl ether. A similar increase in cytochrome P 4;;" has not been demonstrated for halothane or for nitrous oxide to our knowledge, although metabolic enhancement of hexobarbitone metabolism has been claimed for halothane (Linde and Berman 1971) .
The current information would therefore support the theory that the change observed in this study could have been mediated by halothane, possibly by hepatic enzyme induction. This may help to explain the one subject who went against the trend. He is a particularly low user of halothane and continued his usual practice during this study. The magnitude of his change in half-life is, in % terms, the smallest of the group.
The clinical significance of our finding is small in terms of the potential need to alter the dose of any drug given to exposed subjects. However, this possible effect is the only recognised acute systemic effect in both males and females of occupational exposure to anaesthetic agents.
